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AND PURIFIED ENTEROVIRUS ANTIGENS P 

Exobiology Division 

National Aeronautics and Space Administration 

Ames Research Center, Moffett Field, California 

ABmm 1 

1 Prqara t ions  of policaqyelitis and Echo 7 viruses, pur i f ied  by 
J 

density gradient centrifugation, liquid-phase par t i t ion ,  and anion 

exchange (DEAE) chrcunatography, have been shown t o  evoke high an t i -  

body l eve ls  of substant ia l  spec i f ic i ty  i n  the complement-fixation 

assay. 

were discussed. 

antigens, par t icu lar ly  i n  view of the simplicity of the pur i f ica t ion  

methods now available.  

Certain practical. aspects of the three pur i f ica t ion  methods 

These results argue fo r  the use of pur i f ied  viral 

INTRODUCTION 

It i s  the pract ice  i n  many laboratories t o  use crude t i s s u e  

culture antigens (tissue culture f l u i d  c l a r i f i ed  by centrif‘ugation 

a t  2 t o  4,000 g for  5-15 min) i n  the preparation of viral ant isera .  

Since the  viral antigen rqresents a small portion of the t o t a l  
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protein of such t issue culture fluids,  the principal antibody pro- I /  

duction i s  directed against the normal t i s sue  culture antigens. 
4 

I n  many cases where the spread between specif ic  and nonspecific 

( t i s sue  culture) antibody i s  s l i g h t ,  the ant isera  may, therefore, 

not be used i n  ident i f icat ion of v i r a l  i so la tes  by the complemnt- 

f ixa t ion  assay from the same o r  related t issue culture l ines .  

During the past several years a rmmber of techniques have 

been advanced fo r  the purification of the enteroviruses. These 

include density gradient centrifugation (Frommhagen and Martin, 

1961), anion exchange chromatography (Hoyer e t  al., 1958), and 

liquid-phase par t i t ion  systems (Albertsson, 1960) This report  

r e l a t e s  t o  the value of u t i l i z ing  such purified preparations f o r  

the production of ant isera  not only i n  terms of the potency and 

spec i f ic i ty  of the antisera,  but also according t o  the efficiency 

and convenience of the method. 

MATERIALS AND METHODS 

Preparation of enterovirus antigens. Poliomyelitis virus, 

Type 1 (Mahoney), and Echo 7 virus were grown i n  HeLa c e l l  

layers  as described elsewhere (Frommhagen and Martin, 1961). 

chicken-serum was omitted from the maintenance medium f o r  reasons t o  

be discussed. 

The 

The virus was'concentrated 100- t o  200-fold pr ior  t o  
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Methods of purification. (1) Density gradient 

3 

centrifugation. 

purif icat ion by density gradient centrifugation and IEN chroma- 

tography, by centrifugation a t  30,000 RPM (70,000 g) f o r  3 hr and 

through a puncture i n  the bottom of the tube. 

recentrifuged i n  cesium chloride i n  the same manner and the infec- 

The fdaction was 
I 

t ious  band collected and dialyzed against 15 N a C l  p r ior  t o  ultra- 

v io le t  absorption analysis and inoculation in to  animals. (2) Liquid- 

phase par t i t ion.  The t issue culture antigen of Echo 7 virus was 

purif ied by al ternate  concentration in to  the bottom and top phases 

of  a dextran sulfate-polyethylene glycol ,mixture according t o  the 

method of Albertsson (1960). The virus was removed from the top 

phase by centrifugation (70,000 g f o r  3 hr)  and resuspended i n  1s 

NaC1.  (3 )  DEAE chromatography. Column chromatography w i t h  the 

cellulose anion exchanger DEAE was applied t o  poliomyelitis virus, 

T;p  1 (Hoyer e t  al., 1958). me f ract ion p s s e s s i n g  the infectious 

virus was dialyzed against 18 NaCl solution. 
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Complemnt-fixation assay. A routine block-ti tration 

complemnt-fixation te'st (Schmidt, 1955) was used i n  this study. 

Complemnt-fixation t i t e r s  are reported as the l imiting serum 

di lut ion required t o  f i x  two units of complement i n  a system 

containing t issue culture antigen diluted 1:4. 

I 

Neutralizing assay. The neutralizing potency of ant isera  was 

determined by the colorimetric mtabol ic  inhibit ion test of Lipton 

and Steigman (1955) 

the l imiting serum dilution required t o  neutralize 100 t o  300 E D S O  

uni t s  of the virus. 

The neutralization titers are reported as 

Preparation of antisera. Hamsters, guinea pigs, and a monkey 

s E ; ' J e s &  L-LL-aJ- .E;= =F=&,Q- *a3,iL 

of 2 to  4 doses with 0.75 to  1.0 m l  of the crude t issue culture 

antigen o r  the purified virus suspended i n  1s N a C l  solution. 

v o l m s  of the purif ied virus inocula were adjusted, such that they 

contained 3 t o  5 times more v i ra l  antigen than present i n  the crude 

(uncentr ifuge d) t i s  sue culture antigen . 

1 .  2 

The 

RESULTS 

The u l t rav io le t  absorption properties of the purif ied viruses 

and normal HeLa c e l l  material are sumarized i n  Table 1. 

i 
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The inoculation of crude t issue culture antigens in to  ‘hamsters,{ 

4 

and guinea pigs resulted i n  the production of antibodies whose 

t i t e r s  against infected t issue culture flufds were largely indis- 

tinguishable from those aga ins t  normal t issue culture f l u i d  (Tables 

2 and 3 ) .  The neutralizing t i t e r s  evoked t o  the purified antigen 

were higher than t o  the crude antigen which undoubtedly, i n  par t ,  

ref lected the greater amount of antigen i n  the purified antigen 

preparations. 

The u l t rav io le t  spectra of the purified virus preparations 

reveded  tha t  the density gradient and anion exchange procedures 

yielded virus of a high degree of pur i ty  (Table 1). 

essent ia l ly  all of the infect ivi ty  of poliomyelitis virus, Type 1, 

Although 

was recovered from the l iqu id  phase system, the preparation w a 8  

shown by u l t r av io l e t  analysis (Table 1) t o  contain large amounts 

of’normal t issue culture components. 

It was, therefore, not surprising tha t  the hamster ant isera  

prepared against poliomyelitis virus,  Type 1, purif ied by the 

l i qu id  phase pa r t i t i on  method, was markedly nonspecific (Table 3) 

The s l igh t  complemnt-fixation titers t o  normal HyLa material 

i n  the ant isera  t o  poliomyelitis virus, Type 1, and 

(Tables- 2 and 3 ) ,  purif ied by density gradient 

s 

I 

F 9, 

k 

. .  

\ 



. .‘ .. . . . .- 
. .  

I 

6 

r e l a t e s  t o  the resu l t s  of another experiment. 

HeLa t issue culture f l u i d  was concentrated by centrifugation and 

fractionated i n  the s m  manner as the virus concentrates by den- 

s i t y  gradient centrifugation i n  cesium chloride. The fract ion of 

the gradient corresponding t o  that a t  which the virus equi l ibrates  

evidenced som l ight-scat ter ing and was shown, by u l t r av io l e t  absorp- 

A quantity of normal 

t i on  analysis, t o  contain moderate w u n t s  of normal. HeLa c e l l  mate- 

rial. 

i n  a smaller amxlnt of t h i s  m a t e r i a  i n  the middle fract ions of 

the tube which, however, could not be reduced by a th i rd  density 

gradient cycle. For t h i s  reason, the viruses were submitted t o  

two cycles of density gradient centrifugation. 

pur i f ied  by only one cycle, when inoculated in to  hamsters, gave 

rise t o  highly nonspecific complemnt-fixation reac t iv i t ies .  

A second cycle of density gradient centrifugation resul ted 

V i r u s  preparations 

Preparations of poliomyelitis virus,  Type 1, purif ied by the 

DEAE chromatographic nrethod of Hoyer e t  al. (1958), evoked high 

leve ls  of specif ic  complemnt-fixation antibodies (Table 3); no anti- 

bodies were demonstrated, however, against the normal. HeLa components. 

This f i n d i w  correlates with the observation that corresponding 

eluates  (0.02 M phosphate buffer) from LEAE chromatography of a 



7 

concentrate of normal H e I a  material was free of the host components 

as determined by spectrophotometric analysis in the  u l t rav io le t  

region 

The presence of serum i n  the maintenance medium brought about 

serious problems i n  subsequent purif icat ion by a l l  three methods- 

Appreciable amounts of the serum proteins i n  the concentrates of 

t i s sue  culture f lu ids  led  t o  irreducible amounts of these cmponents 

i n  the virus f ract ions of the density gradients and t o  the appear- 

ance of these materials i n  the eluates fromthe DEN3 columns 

containing the virus antigen. 

componehts markedly reduced the recovery of the  infec t iv i ty  of the 

virus ( l e s s  than 206) from the DEAE column. In the liquid-phase 

pa r t i t i on  systems, voluminous amounts of precipi ta te  appeared at  

the  interface of the  two phases when serum was present i n  the  

t i s sue  cul ture ' f luid and made it impossible t o  suitably separate 

the  two phases. 

In  addition, the  presence of serum 

DISCUSSION 

This investigation has demonstrated the  advisabili ty,  i f  

suitable and convenient methods are at  hand, of purifying entero- 

virus. antigens for the purpose of producing ant isera  f o r  camplement- 

f ixa t ion  assay. 
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The density gradient method suffers from the disadvantages 

The liquid- of any ul t racentr i fugal  technique f o r  routine use. 

phase p a r t i t i o n  technique has not given i n  t h i s  laboratory virus 

preparations of very high purity.  

very e f f i c i en t  and convenikent concentration method since a l l  that 

i s  required is  t o  add the proper amount of polyethylene glycol and 

dextran sulfate t o  a given volume of the  t i s sue  cultufe antigen 

However, it does represent a 

and permit the phases t o  form over 18 t o  24 h r  a t  40°'C. / 

I 
The concentrate prepared by the latter procedure1 or by ultra- 

centrifugation may then be purif ied by the  simple me hod of DEAE 9' 
chromatography described by Hoyer e t  al .  (1958) 1% hks been 1 
shown tha t  t h i s  method yields  the highest pur i ty  of e s  as 

evidenced i n  the  specif ic i ty  of the antibodies evoke& against these 

preparations. . 

It is  recommended tha t  serum not be included during the 

maintenance of the monolayer cultures since it has been found t o  

in te r fe re  i n  the subsequent purif icat ion steps. This const i tutes  

no disadvantage inasmuch as the absence of serum does not appear 

t o  decrease the yield of the well-adapted enteroviruses 

The higher neutralizing t i t e r s  engendered by the pur i f ied  

antigens would  appear t o  be i n  large p a r t  due t o  the higher amounts 

of virus antigens i n  t h i s  preparation. These results are not 

amenable t o  any interpretat ion i n  regard t o  a possible "swamping" 
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of antAb0Q formation by the large amunts of host components and 

the consequent benefit  of using purif ied antigen. 

be safely concluded that the virus does not lose any appreciable 

amount of i t s  antigenicity by reason of purification. However, it 

should be pointed out that the f a c t  that the sera of a mnkey and 

It can, however, 

one guinea pig (see Table 2) reacted heterotypically may indicate 

that some s l igh t  broadening of antigenicity might occur occasionally 

during purification. ' 

The low t i t e r s  t o  normal HeLa components i n  BODE of the an t i -  

sera egainst the purif ied preparations should not be interpreted 

as evidence f o r  a "host antigen" i n  the enterovirus pa r t i c l e  since 

it w a s  ehown that small: amounts of the normal t i s sue  culture 

componentr mra probably prorent in the purified praparctions. 
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TABLE 1. Ultraviolet  absorption properties of purif ied virus  ~ 

, I  - 
suspensions and normal HeIa components i 

1 

Preparation 

Polio virus, Type 1 

Polio virus, Type 1 

Polio virus, Ty-pe 1 

Echo 7 virus 

Normal H e l a  m t e r i a l  

Method of 

purif icat ion 

Density gradient . 

Liquid phase 

DEAF: chromatography 

Density gradient 

--- 

Principal 

absorption maxbnum 

w 
260 

276 

260 .’ 

262 

278 

OD260 mv 

om80 mp 

\ 



12 ' TABLE 2. Antibody t i ters of an t i se ra  produced against poliamyelit is  ,virus, 

Types I and 11, purif ied by density gradient centrifugation in 

cesium chloride 

Animal 

Hamster pool 

Hamster pool 

Guinea Pig-1 

Guinea Pig-2 

Guinea Pig-3 

Guinea Pig-4 

Guinea Pig-5 

Guinea Pig-6 

Guinea Pig-7 

Guinea pig-8 

Monkey-1 

Monkey- 2 

Antigen 

Purified 

Crude 

Purified 

Purif ied 

Purif ied 

Purif ied 

Crude 

Crude 

Crude 

Crude 

Purif Ted 

Crude 

- 

we 

- 
I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I1 

I1 
- 

CF t i t e r t  

Polio - TCFS * 
Neut Titer 

I 

1: 16,346 

1 : 1024 

1:1024 

1 : 1024 

1:2048 

1 : 1024 

1312 

1: 256 

1 : 512 

1: 512 

< 1:4 

< 1:4 

I1 

< 1:4 

< 1 : k  

< 1:4 

1: 32 

< 1:k 

< 1:b 

e 1:4 
< 1:4 

< 1:k 

< 1:4 

1 : 16,384 

1 : 16,384 

< 1:4 1:256 

< 1:4 1:512 

< 1:4 1:512 

< 1:4 1:512 

I < 1:4 1:256 

e l r b  1:2561 

< 1:4 1:256 

< 1:4 1:128 

< i:4 1:512 

< i:4 I --- 
, 

I11 

< 1:4 

< 1:4 

< 1:k 

< 1:4 

< 1:4 

< 1:4 

c L:4 
< 1:k 

< 1:4 

< 1:4 

1: 64 

< 1:4 

t Normal T W  

~~ 

1: 16 

1: 256 

1:4. 

1:4 

1: 4 

1: 4 

1 i 2% 

1: 256 

1 : 256 

1: 256 

1:32 - 
--- 

* 
Neutralization t i t e r ,  expressed as the  l imi t ing  6erum dilution, determined by metabolic 

inhibi t ion tes t  

tCamplement f ixa t ion  t i ter  expressed as limiting 6enrm di lut ion required t o  fix two -_ units 

of complement. 

h i s s u e  cul ture  antigen di luted 1:4. 

tNormal HeIa tissue culture f l u i d ,  
\ 



against Echo 7 and poliomyelitis viruses purif ied by density 

gradient centrifugation, liquid-phase par t t t ion,  and 

DEAF, chromatography 

Animal NO. 

~ 

1 

2 

3 

4 

5 

6 

7 
8 

9 

10 

11 

12 

13 

Antigen - Type 

Echo 7 

Echo 7 

Echo 7 

Echo 7 

Echo 7 

Echo 7 

Polio 1 

Polio 1 

Polio 1 

Polio 1 

Crude 

Crude 

Crude 

Density gradient 

Density gradient 

Density gradient 

Liquid phase 

Liquid phase 

Liquid phase 

DEAE chromatography 

Polio 1 DEAE chromatography 

Polio 1 DEAE chromatography 

Polio 1 DEAE chromatography 

CF titer* 

1:512 

1 : 512 

1:512 

1:512 

1 : 512 

1:256 

1:2048 

1: 2048 

1 : 1024 

1 : 1024 

1:512 

1:256 

1:512 

1:256 

1:128 

1: 256 

< 1:8 ,*. 

1: 16 

< 1:8 

1: 64 

1:512 

1: 64 

< 1:8 

i I *  < 1:8 

I < 1:8 

* Cqlement-f ixat ion titer, expressed as l i m i t i n g  serum dilution, 

required t o  f i x  two un i t s  of complement 

 homologous t i s sue  culture antigen diluted 1:4. 

$Normal &Is tissue culture f lu id 'd i ld i ed  1:4. 
t 

I 

I' 



I.' 

I 

i 
I 
- .  

t 

J 

.. . .  .- 
CJ 

ERRATA dated 99'27/65 inserted 

t- 

8 

of very high purity.  

ient  concentration method r incc  a l l  t h a t  i r  required is to  add the proper 

.mount of polyethylene glycol m d  dutraa rulfat. t o  given volume of the 

tissue cu l tu re  antigen and permi: the p h u u  to form over 18 to  24 hr  a t  40' C. 

The concentrate prepared by the latter procedure o r  by u l t r acen t r i -  

fugation may then be purif ied by the rimple method of DBAB chromatography 

described by Hoyer e t  al .  (1958). 

the  highest  puri ty  of virus as evidenced i n . t h e  ~ p e c i f i c i t y  of the antibodies 

evoked agairmt there  preparat iom. 

Rnmvlr, i t  d o u  reprerent  a very e f f i c i e n t  and conven- 

It h u  been shown that t h i s  method yields  

It is reconmended tha t  serum not be included during the malntainence 

of the monolayer cu l turer  r ince i t  h*O bcen found to i n t e r f e r e  i n  the 

rubrequmt pur i f ic8 t ion  steps.  

of an unadapted v i m  which requires tha t  serum be present i n  order tha t  the 

c e l l  monolayer and the cells W i l l  renaln i n t a c t  long enough €or the virus 

to  a t ta in  auxinuaa titer. 

This may be a disadvantage only i n  the case 

From the data  in Tables 2 and 3 i t  V L l l  be noted tha t  the an t i se ra ,  

produced by inoculat ion of crude HeLa c e l l  antigens did not react  with t h e  

n o d l  t i s sue  antigen6 of monkey kidney c e l l s .  

problem of non-rpecif ic i ty  I s  inherent i n  nost serciloglc schemes, based 

upon the complement f ixa t ion  test, for the iden t i f i ca t ion  of the common 

viruses.  However, same newly-isolated, unidentified enteroviruses w i l l  

r ep l i ca t e  only i n  the same o r  closely related kind of c e l l s  i n  which were 

grown the viral  an t igemwed t o  produce the reference antiserum. 

circumstances which cal l  f o r  the iden t i f i ca t ion  of such i so l a t e s  by the 

comblernent fixation test, i t  ir c r i t i c a l  t h a t  there  be avai lable  antiserum 

spec i f i c  only to  the v i r a l  antigen. Such an t i s e ra  can only be obtainsd by 

the use of purif ied virus antigens. 

This s imple  solut ion to  the 

I n  those 

The higher titers, par t icu lar ly  i n  the complement f ixa t ion  assays, 

engendered i n  many cases by the purified antigens would appear to be d u e  

i n  iarge p a r t  t o  the higher amounts of t h e  virus  antigens i n  tnose prep- 

arat ions.  These r e s u l t s  are not  Menable t o  any in te rpre ta t ion  i n  regard 

t o  a possible "swu~ping" of antibody formation by the large amounts of 

host  components and the consequent benef i t  of using purif ied antigen. 

It can, however, be safe ly  concluded t h z t  the -- 


